Oxygen gradients in mitochondria examined with delayed luminescence from excited-state triplet probes.
Phosphorescent probes are described that are quenchable by dioxygen and that partition into membranes. These probes are derivatives of porphyrin, in which the central metal, either zinc or palladium, induces intersystem crossing to enhance the triplet yield. The location of the probe in a suspension of membranes depends upon the charge distribution of side groups on the porphyrins. Probes that partition into the membrane are sensitive to phase transitions in lecithin artificial membranes. In the mitochondria these membrane probes are within transfer distance from tryptophans in membrane proteins. Although absolute concentrations of oxygen in membranes cannot be determined by this method, by comparing the oxygen dependence of a probe in the aqueous phase with that in the membrane phase under actively respiring and inhibited conditions, it is possible to examine the extent of O2 depletion at the mitochondrial surface. We show that at oxygen tensions of 0.2 microM and higher these gradients are insignificant at usual oxygen consumption rates of mitochondria.